I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Nigeria has the second largest HIV epidemic in the world[@ref1] and about 3.2 million people were living with HIV in 2016.[@ref2] Despite this large number, most of the research work have centered around disease prevalence and physical complications rather than their mental health burden. Several studies have shown that deficiencies of serum micronutrients are common among HIV-infected persons, especially those in developing countries.[@ref3][@ref4] Micronutrient deficiencies have been found to occur at the early stages of HIV infection, and are associated with an increased risk of HIV disease progression and mortality.[@ref5] Micronutrient deficiencies may contribute to the pathogenesis of HIV infection through increased oxidative stress and compromised immunity.[@ref6] Micronutrient supplements can delay HIV disease progression and reduce mortality in HIV-positive persons not receiving highly active antiretroviral therapy (HAART).[@ref7] With the transition to more universal access to HAART, a better understanding of micronutrient deficiencies and the role of micronutrient supplements in HIV-positive persons, especially in relation to disease progression and psychological well-being, has become a priority.

Furthermore, studies have provided evidence that micronutrients directly intervene in immunological regulatory systems and participate in the regulation of inflammatory reactions, hence combating the incidence and progress of some physical and psychological disorders such as diabetes, atherosclerosis, anxiety, and depression, in which inflammatory processes have been found to play a role in their pathogenesis.[@ref8][@ref9] In addition to the immune-modulatory potential of beta-carotene and the anti-inflammatory properties of Omega-3 fatty acids and Vitamin D, the antioxidant Vitamins C and E could be important because there appears to be a connection between oxidative stress and inflammation.[@ref9] Oxidative stress plays an important part in the onset and persistence of chronic inflammatory processes which can damage blood vessels and other tissues in the long term: A high concentration of oxygen radicals leads to the increase in the serum concentration of certain pro-inflammatory proteins such as C-reactive protein and interleukins which are indicator proteins for inflammation.[@ref10][@ref11] Antioxidant micronutrients can bind and neutralize oxygen radicals and thus combat the initiation of inflammation.

The levels of C-reactive protein have been found to be associated with HIV disease progression independent of CD4 lymphocyte counts and HIV RNA levels. In addition, regardless of progression to AIDS, HIV-infected individuals have a significant increase in C-reactive protein over time.[@ref12] Studies have found that elevated levels of C-reactive protein are associated with an increased risk for psychological distress, anxiety, and depression in the general population.[@ref13][@ref14][@ref15][@ref16] A study found that anxiety as well as co-morbid anxiety and depression can be associated with an increased risk for low-grade inflammation in males at population level.[@ref16] Hence, micronutrients with anti-inflammatory properties may reduce inflammation in patients with HIV and consequently reduce anxiety and depression that are prevalent in these patients.[@ref17]

CD4+ T-cells are fundamental to the development of specific immune responses to infection, particularly intracellular pathogens. As the primary target of HIV, depletion of CD4+ T-cells severely limits the host response capacity.[@ref18] The CD4+ T-cell count is the most significant predictor of disease progression and survival.[@ref19][@ref20] Lower CD4 counts are associated with greater risk of disease progression over time. The value of HIV viral load measurement as a prognostic marker has long been established.[@ref21] An approximately inverse relationship to the CD4 cell count and survival time has been observed in around 80% of patients.[@ref22] Higher viral load levels are associated with more rapid decline of CD4 cells, assisting prediction of the rate of CD4 count decline and disease progression.

More recent evidence on brain metabolism suggests that nutritional deficiencies of certain micronutrients can influence the development and progression of mental illnesses.[@ref23][@ref24][@ref25] Some studies have shown that the intake of antioxidant micronutrients (zinc, selenium, and Vitamin C) correlated negatively with the development of anxiety, depression, and stress in HIV-positive individuals.[@ref6] Folic acid and Vitamin B6 help combat depression.[@ref24][@ref25][@ref26] Zinc and Vitamin B12 deficiency has been associated with the development of several psychiatric disorders such as depression, bipolar disorder, panic disorder, schizophrenia, and phobias.[@ref27][@ref28]

Therefore, micronutrient supplementation should be seen as an important aspect of HIV treatment and support in a resource-poor country like Nigeria where significant gaps persist in providing antiretroviral treatment to all who are in need. Less than 60% of the people living with HIV in sub-Saharan Africa have access to antiretroviral therapy (ART).[@ref2] Most times, patients had to wait until their CD4 counts drop below 200 before the commencement of ART and to this end, micronutrient supplementation could serve as a pragmatic stop gap.

However, most studies on micronutrient supplementation in HIV/AIDS have focused on its effect on the physical outcomes of the disease rather than psychological. People living with HIV are about two to three times more likely to experience mental health disorders during the course of their illness, especially anxiety and depression, than the general population which, in turn, reduce their quality of life and adherence to antiretroviral treatment and contribute significantly to disease progression and premature deaths.[@ref17] For these reasons, it is important that physicians in the care of patients with HIV/AIDS should not neglect their mental health.

In this study, we looked at what happens to the viral load, CD4 cell count, C-reactive protein (biomarker for inflammation), anxiety, and depression among HAART-naive HIV-positive patients receiving micronutrient supplementation over a 6-month period in Northern Nigeria.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

This study was part of a larger study on the effects of micronutrients on immunological outcomes of HAART-naive patients with HIV infection in Kaduna State conducted by some physicians at a tertiary health institution in Nigeria.

Sample size and technique {#sec2-1}
-------------------------

A minimum sample size of 88 was determined from the Fisher\'s sample size formula for longitudinal studies, as follows:[@ref29] *N* = *Z*^2^ *P* (1 − P)/*d*^2^ × 1 (1 − f), where *N* = desired sample size when population is over 100,000; *Z* = confidence interval at 95% (1.96); *P* = prevalence rate of HIV infection in Kaduna State, Nigeria (5.1%);[@ref30] *d* = sampling error at 5% (0.05); and *f* = attrition rate of 10%. However, in order to increase the power of the study, ninety HIV-positive HAART-naïve adult patients, aged 18--59 years, were recruited at baseline through consecutive sampling of every eligible patient meeting the inclusion criteria at the clinics during the study period. The research lasted for 3 years, from September 2013 to September 2016.

Study design {#sec2-2}
------------

A longitudinal study.

Study population {#sec2-3}
----------------

The study participants were ninety HAART-naïve and newly diagnosed HIV-infected patients who were not eligible for ART medication on the basis of their CD4 count of 500 and above. They were recruited from HIV clinics of two major hospitals in Kaduna State, Nigeria, namely the Nasara HIV Treatment and Care Centre at Ahmadu Bello University Teaching Hospital, Zaria, and the Caritas Catholic Relief Foundation (CCRF) HIV Centre at Saint Gerard\'s Catholic Hospital, Kaduna State, Nigeria. Both the centers provide free ART to eligible patients and supportive care to ART-ineligible patients. All the patients presenting to the study centers during the period of the study who met the inclusion criteria were recruited until the sample size of ninety participants was attained.

Inclusion criteria for the ninety HIV-infected patients {#sec2-4}
-------------------------------------------------------

Participants were aged 18--59 years, were physically fit, and were mentally alert, without evidence of physical deformity. Other eligibility criteria were HAART naïve, being in the WHO clinical Stages I and II, and CD4+ count \>500 cells/μl.

Exclusion criteria {#sec2-5}
------------------

Participants were excluded from the research if they had a history of alcohol and substance abuse, past psychiatric history, chronic hepatitis B or C or HIV-2 infection, vegetarian diet, chronic hypertension, and immunosuppressive illnesses (such as diabetes mellitus, chronic renal disease, malignancy, and sickle cell anemia). Other exclusion criteria were refusal to give consent to participate, pregnancy, presence of AIDS-defining illness, and default from one clinic visit.

Enrollment and evaluations of HIV-infected antiretroviral therapy-naïve patients {#sec2-6}
--------------------------------------------------------------------------------

At the various enrollment centers, all the patients meeting the inclusion criteria were educated and counseled on the various aspects of HIV care and support by nurse HIV counselors, before the research objectives and protocol were explained to them, with emphasis on the voluntary nature of the study and assurance of the confidentiality of their data. After signing an informed written consent, the sociodemographic data and a history of illness were obtained from all patients, and they completed the Hospital Anxiety Depression Scale (HADS). 20 ml of whole venous blood samples was collected from each patient for plasma HIV RNA load; CD4+ T-cell counts; serum zinc, copper, and Vitamin B12 levels; and C-reactive protein at baseline. All the participants received daily doses of one capsule of a micronutrient supplement for 6 months and were reassessed with the same instruments and laboratory parameters at 6 months. Blood samples were also collected from ninety healthy HIV-negative volunteers and were assayed for serum levels of Vitamin B12, zinc, and copper.

Instruments of study {#sec2-7}
--------------------

### Sociodemographic questionnaire {#sec3-1}

A sociodemographic questionnaire containing sociodemographic data and illness-related information was designed by the authors.

### Hospital Anxiety Depression Scale {#sec3-2}

The HADS is a portable, easy-to-administer measure that screens for the presence of anxiety or depressive state of both clinical and nonclinical population. It consists of seven depression items and seven anxiety items and has been validated for use in Nigeria.[@ref31] A score of 8 and above on either of the two components is regarded as case.

Micronutrient supplements {#sec2-8}
-------------------------

The micronutrient supplement used in the study was a capsule containing a mixture of 11 vitamins (A, B1, B2, B3, B6, B12, biotin, folate, pantothenate, C, and E), 6 trace elements (selenium, copper, zinc, ferrous, molybdenum, and manganese), 2 electrolytes (potassium and magnesium), 2 essential amino acids (L-glycine and L-lysine), and 1 peptide (choline bitartarate).

Ethical certification of research proposal {#sec2-9}
------------------------------------------

The research proposal was reviewed and approved by the Institutional Health Research Ethical Committee of the two hospitals.

Data analysis {#sec2-10}
-------------

The IBM-SPSS version 21 (IBM SPSS Inc. 2012, Armonk, New York) statistical package was used for data entry and analysis. Data were analyzed by descriptive statistics including frequencies, percentages, means, and standard deviation. The Chi-square test was used to characterize the significance of the difference between categorical variables, whereas *t*-test statistics was used to characterize the significance of the difference between mean scores. All statistical evaluations were considered significant at *P* \< 0.05, two tailed.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

A total of ninety participants were recruited for the study at baseline, but only 68 (75.6%) of them completed the study at 6 months. Twenty-two participants were unable to complete the study at 6 months for various reasons including loss to follow-up, default from a clinic visit, drop in CD4 count below 500 cells/μl, and pregnancy.

Majority of the participants at baseline were \<41 years in age (62.2%), belong to female gender (76.7%), were of the Christian faith (81.1%), had at least 12 years of formal education (88.9%), currently unmarried (53.3%) as at the time of assessment, and gainfully employed (75.6%). There was no significant difference between the sociodemographic characteristics of participants at baseline and at 6 months as shown in [Table 1](#T1){ref-type="table"}.

###### 

Sociodemographic characteristics of HIV-infected, highly active antiretroviral therapy-naïve patients at baseline and at 6 months of treatment with micronutrient supplementation

  Characteristics            At baseline (*n*=90; 100.0), *n* (%)   At 24 weeks (*n*=68; 75.6), *n* (%)   *χ*^2^, *P*
  -------------------------- -------------------------------------- ------------------------------------- -------------
  Age group (years)                                                                                       
   ≤20                       2 (2.2)                                2 (2.2)                               2.284, 0.3
   21-40                     54 (60.0)                              38 (42.2)                             
   41-60                     34 (37.8)                              28 (31.2)                             
  Gender                                                                                                  
   Female                    69 (76.7)                              51 (56.7)                             0.432, 0.5
   Male                      21 (23.3)                              17 (18.9)                             
  Religion                                                                                                
   Christianity              73 (81.1)                              57 (63.3)                             1.336, 0.3
   Islam                     17 (18.9)                              11 (12.2)                             
  Marital status                                                                                          
   Married                   42 (46.7)                              30 (33.3)                             1.101, 0.8
   Never married             26 (28.9)                              20 (22.2)                             
   Widowed                   14 (15.6)                              11 (12.2)                             
   Divorced/separated        8 (8.9)                                7 (7.8)                               
  Education                                                                                               
   Secondary                 46 (51.1)                              35 (38.9)                             1.391, 0.5
   Tertiary                  34 (37.8)                              24 (26.7)                             
   Primary                   10 (11.1)                              9 (10.0)                              
  Occupation                                                                                              
   Self-employed             32 (35.6)                              28 (31.1)                             9.315, 0.1
   Government worker         21 (23.3)                              16 (17.8)                             
   Private business worker   15 (16.7)                              8 (8.9)                               
   Not employed              22 (24.4)                              16 (17.7)                             

The median serum levels of Vitamin B12, copper, and zinc of the HIV-positive, HAART-naive participants at baseline were significantly lower than those of the HIV-negative control group. After 6 months of supplementation, the levels of micronutrients among the HIV-positive, HAART-naive participants increased statistically significantly (Vitamin B12: *P* = 0.02, copper: *P* = 0.00, and zinc: *P* = 0.00), as shown in [Table 2](#T2){ref-type="table"}.

###### 

Serum levels of zinc, copper, and Vitamin B12 of HIV-infected, highly active antiretroviral therapy-naïve patients at baseline compared with the levels after 6 months of micronutrient supplementation and the levels of HIV-negative healthy volunteers

  Nutritional variable   HIV-infected patients at baseline (*n*=90; 100), median (IQR)   *P* value for HIV-infected patients at baseline versus healthy volunteers   HIV-infected patients at 6 months (*n*=68; 75.6), median (IQR)   *P* value for HIV-infected patients at baseline versus those at 6 months
  ---------------------- --------------------------------------------------------------- --------------------------------------------------------------------------- ---------------------------------------------------------------- --------------------------------------------------------------------------
  Zinc (ppm)             0.01 (0.01-0.03)                                                0.00 (0.00)                                                                 0.23 (0.21-0.27)                                                 0.00 (0.00)
  Copper (ppm)           −0.4 (−0.5-0.03)                                                0.00 (0.00)                                                                 0.03 (0.02-0.03)                                                 0.00 (0.00)
  Vitamin B12 (ng/L)     15.0 (9.9-39.4)                                                 0.00 (0.00)                                                                 30.0 (17.8-50.7)                                                 0.02 (0.00)

*P* values for median at baseline versus 6 months were calculated using independent samples median test; independent samples Moses test of extreme reaction was used to calculate *P* values for ranges at baseline versus 6 months. *P*\<0.05 is statistically significant. IQR - Interquartile range

The point prevalence of anxiety and depression among participants at baseline was 23.2% and 23.2%, respectively. After 6 months of micronutrient supplementation, the point prevalence of anxiety and depression was 13.2% and 4.4%, respectively, as shown in [Table 3](#T3){ref-type="table"}.

###### 

Prevalence of anxiety and depression at baseline and after 6 months of micronutrient supplementation among HIV-infected, highly active antiretroviral therapy-naïve patients

  Variables                   Noncase (%)   Cases (%)   Total (%)
  --------------------------- ------------- ----------- -----------
  Baseline                    69 (76.7)     21 (23.3)   90 (100)
  6 months                    65 (95.6)     3 (4.4)     68 (100)
                                                        
  **HADS anxiety subscale**                             
                                                        
  Baseline                    69 (76.7)     21 (23.3)   90 (100)
  6 months                    59 (86.8)     9 (13.2)    68 (100)

HADS - Hospital Anxiety Depression Scale

A cross tabulation of the mean scores for anxiety and depression at baseline and after 6 months of micronutrient supplementation among the participants showed a statistically significantly lower HADS mean scores for anxiety (*P* = 0.003) and depression (*P* = 0.001), as shown in [Table 4](#T4){ref-type="table"}.

###### 

Cross tabulation of mean scores for anxiety and depression at baseline and after 6 months of micronutrient supplementation among HIV-infected, highly active antiretroviral therapy-naïve patients

  Variables     Baseline (preintervention)   After 6 months (postintervention)   *t*-test   *P*
  ------------- ---------------------------- ----------------------------------- ---------- ---------
  HADS                                                                                      
   Depression   4.66 (4.91)                  2.12 (2.71)                         3.843      \<0.001
   Anxiety      5.40 (5.13)                  3.12 (4.28)                         2.970      0.003

HADS - Hospital Anxiety Depression Scale

The initial HIV RNA load, CD4 cell count, and C-reactive protein median values were compared with the values obtained after 6 months of micronutrient supplementation and a drop was found in the viral load although the difference was not statistically significant (*P* = 0.32). There was a significant drop in the CD4 count (*P* = 0.00) and C-reactive protein levels (*P* = 0.04), as shown in [Table 5](#T5){ref-type="table"}.

###### 

Initial HIV RNA load, CD4+ T-cell count, and C-reactive protein of HIV-infected, highly active antiretroviral therapy-naïve patients compared with those values after 6 months of micronutrient supplementation

  Immunological variables of patients   HIV-infected patients at baseline (*n*=90; 100), median (IQR)   HIV-infected patients at 6 months (*n*=68; 75.6); median (IQR)   *P* Baseline versus 6 months
  ------------------------------------- --------------------------------------------------------------- ---------------------------------------------------------------- ------------------------------
  HIV RNA (copies/mL)                   27,105.0 (6346.0-955,514.0)                                     16,227.5 (6,266.0-73,146.0)                                      0.32 (0.35)
  CD4+ count (cells/µL)                 704.5 (600.0-880.0)                                             561.0 (500.0-700.0)                                              0.00 (0.00)
  CRP (ng/mL)                           29.4 (12.3-68.8)                                                26.2 (8.8-46.8)                                                  0.04 (0.9)

*P* values for median at baseline versus 6 months were calculated using independent samples median test; independent samples Moses test of extreme reaction was used to calculate *P* values for ranges at baseline versus 6 months. *P*\<0.05 is statistically significant. IQR - Interquartile range; CRP - C-reactive protein

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

This study examined the impact of 6-month micronutrient supplementation on viral, immunological, and mental health profile of a cohort of HAART-naive HIV-positive patients in Northern Nigeria and found a decrease in the experience of anxiety and depression and a reduction in C-reactive protein (a pro-inflammatory biomarker).

The sociodemographic characteristics of the participants at baseline did not differ significantly from the values at 6 months. Most participants were aged between 21 and 40 years, with a preponderance of female gender, similar to the findings from other related studies among adult HIV-positive population in Africa.[@ref32]

The median serum levels of micronutrients such as Vitamin B12, zinc, and copper of the HIV-positive, HAART-naive participants at baseline were significantly lower than those of the healthy HIV-negative control group. Similarly, the levels of micronutrients among the HIV-positive, HAART-naive participants increased significantly after 6 months of supplementation. This finding implied that the micronutrient supplementation was effective in improving the levels of these micronutrients in the HIV-positive participants.

The point prevalence of anxiety and depression among participants at baseline was 23.2% and 23.2%, respectively. After 6 months of micronutrient supplementation, the prevalence of anxiety and depression was 13.2% and 4.4%, respectively. The differences in both psychological parameters between baseline values and after 6 months of micronutrient supplementation were statistically significant. This finding is similar to those from other studies.[@ref6][@ref33] Previous studies have shown that micronutrients, especially folic acid, Vitamins B6 and B12, zinc, and some amino acids, play a role in anxiety and depression. Low levels of folic acid and Vitamin B12 have been found in studies of depressive patients, and a targeted intake of these micronutrients may have prophylactic or therapeutic effects on some mental disorders including anxiety and depression, as suggested in this study.[@ref33][@ref34]

The significantly lower prevalence of anxiety and depression after 6 months of micronutrient supplementation can also be viewed from the area of inflammation. Inflammatory processes have been found to play a role in the pathogenesis of anxiety and depression.[@ref8][@ref9] Increased levels of C-reactive protein (a marker of inflammation) have been found to be associated with HIV disease progression,[@ref12] which correlates with the increase in the prevalence of anxiety and depression as the disease progresses.[@ref13][@ref14][@ref15][@ref16] This study found a significant reduction in C-reactive protein levels after 6 months of micronutrient supplementation. The anti-inflammatory and antioxidant properties of micronutrients may reduce inflammation that occurs naturally with HIV disease and consequently reduce C-reactive protein levels. The reduction in the inflammatory processes also has the potential to reduce the prevalence of anxiety and depression.[@ref17]

This study showed that CD4 cell count dropped significantly over a 6-month period in spite of the micronutrient supplementation. Previous studies have shown that the CD4+ T-cell count is the most significant predictor of disease progression and survival.[@ref19][@ref20] The implication here is that micronutrients though useful in many immunological processes in patients with HIV/AIDS, may not be very effective in treatment when used alone in slowing the fall in CD4 count during the course of HIV infection. This supports the current recommendation that people living with HIV start antiretroviral treatment as soon as possible, which is being implemented in an increasing number of countries.[@ref35] In some countries like Nigeria, the decision about when to start treatment is still largely dependent on a CD4 count even though the updated HIV treatment guidelines in Nigeria recommend starting antiretroviral treatment regardless of CD4 count levels.[@ref36] The best approach to treatment should be to commence micronutrient supplementation once diagnosis is made and in the dire situation where HAART is not available and when available, should at least be used as an adjunct in persons taking HAART, as both therapies have been found to be synergistic.[@ref35] This is more so, in view of the observation in this study that micronutrient supplementation improved other important outcome measures such as mental health. An improved mental health may translate into better lifestyle, higher quality of life, and improved drug adherence, with attendant multiplier effect on slower HIV disease progression. In addition, this study showed that the median viral load of participants decreased after 6 months of micronutrient supplementation, although the difference was not statistically significant. This finding is important when taking into account the fact that viral load increases over time in the natural history of HIV infection. The reduction in viral load observed in this study over a 6-month period of micronutrient supplementation may be related to the fact that micronutrients have antiviral activity either directly or indirectly through immune modulation.[@ref37][@ref38]

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

This study provides preliminary evidence that micronutrients positively influence the psychological well-being and reduce the experience of anxiety and depression that is common in recently diagnosed patients with HIV. The anti-inflammatory property of micronutrients was observed through the significant reduction in C-reactive protein levels. Micronutrient supplementation did not seem to significantly slow the decline in CD4 T-cell count during the period of treatment, and this supports the current recommendation to commence HAART as early as possible. The data obtained from this study are compelling enough to warrant further studies with more appropriate design investigating the role that micronutrients might play in reducing mental illness in people living with HIV/AIDS in the community.

Even with the availability of HAART in many African societies and the current recommendation to commence treatment as early as possible in the course of the disease, complementary micronutrient supplementation should be viewed as an important and integral part of HIV and AIDS treatment to improve the general, physical, and mental health status of people living with HIV.

The study is limited by the relatively small sample size and hospital-based study design, so findings cannot be generalized to the entire population of people living with HIV. The instruments were not administered to a control group who did not receive micronutrient supplementation, and diagnostic instruments for anxiety and depressive disorders were not used.
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